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Abstract 
The polymer films of PMMA with different thickness and its composites with ZrO2 at various weight 
percentages but of same thickness have been studied. The determination of its dielectric properties, dielectric loss, a. 
c. conductivity and dielectric modulus were carried out using capacitance measurements of the above samples as a 
function of frequency, over the range 50 Hz  5 MHz at room temperature. The films of PMMA and its composites 
have been characterized using X-Ray Diffractometer. The dielectric permittivity of films of PMMA behaves 
nonlinearly as frequency increases over the range 50-300 Hz, where as above 300 Hz the values of dielectric constant 
remains constant. But it is observed that the dielectric constant of PMMA increases as thickness of the film increases. 
In case of composite films of PMMA with ZrO2 the values of dielectric permittivity decreases gradually up to 
frequency of around 1 KHz and at higher frequencies it remains constant for all the weight percentages of ZrO2. The 
complex form of dielectric modulus of PMMA is obtained from the experimentally measured data of dielectric 
constant and dielectric loss values. The relaxation time of the orientation of dipoles is obtained from the peak value of 
angular frequency through the plots of imaginary part of electrical modulus as function of frequency. The impedance 
of PMMA polymer increases as thickness of the films increases. The a c conductivity of PMMA film remains 
constant up to frequency of 1 MHz and above. It shows a nonlinear phenomenon with peak values at frequency 4 
MHz. Shape and size of the nanoparticles of composite film of PMMA with ZrO2 was analyzed by Field Emission 
Scanning Electron Microscope (FESEM). 
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1. Introduction 
 
It is well known that the composites of polymers films exhibit enhanced properties than that of the 
constituent materials [1, 2]. The polymer composite films are combination of different polymers and or 
polymers with compound materials. The polymer composite material is important to the electronic 
industry for its dielectric properties when used in capacitors [3]. One of the most characteristic features is  
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that of their dielectric properties and that can be widely changed by choice of shape, size and conductivity 
of mixed constituents in the polymeric matrix [4]. The study of dielectric constant, dielectric loss, a. c. 
conductivity and electrical modulus as function of frequency is one of the most convenient and sensitive 
methods of studying the polymeric structure [5-8]. The physical structure is of great importance in 
determining the dielectric behaviour [9-10].  
 
2. Experimental Measurements 
 
Polymer substance of Polymethylmethacrylate (PMMA) and ZrO2 are obtained from S.d. Fine Chem. 
Ltd, Mumbai, India. The different quantities of PMMA substances have been used for preparing the thin 
films of different thicknesses. The films of PMMA and its composite with ZrO2 are prepared by solution 
casting method. The different quantity of polymer substance of PMMA is dissolved in acetone to get the 
PMMA films of different thicknesses. The composite films of PMMA with ZrO2 at different weight 
percentages such as 10, 20, 30 and 40 are obtained by mixing ZrO2 with the PMMA solution. The films 
are kept in between the parallel plate type sample holder to provide electrical connections. The 
measurements of capacitance, impedance, phase angle and dissipation factors are made as a function of 
frequency ranging from 50 Hz - 5 MHz at room temperature using PC based LCR meter (Model: HIOKI 
3552-50-LCR Hitester). Further the size and shape of nanoparticles of composite film of PMMA with 20 
weight percent of ZrO2 was analyzed using Field Emission Scanning Electron Microscope (FESEM  
Hitachi, SU6600). 
 
3. Results and discussion 
 
The dielectric properties of Polymethylmethacrylate (PMMA) films and its composites with ZrO2 are 
studied as a function of frequency at room temperature. The values of dielectric constants are obtained 
from the measured values of capacitances using the equation (1).  
C d
A
                              (1) 
Where C is capacitance of the dielectric material, d is thickness of the pellet, A is area of the pellet and o 
is the permittivity of free space. Further, from the measured values of dielectric constants, dielectric loss 
ac) are calculated using the equations (2) & (3) respectively, which are given 
below. 
 
tan                            (2) 
 
0 tanac                                         (3) 
 
3.1 Characterization using XRD 
 
The crystalline or amorphous nature of PMMA and its composite films with ZrO2 have been studied 
using powder X-ray diffractometer (XRD) at an angle 2   (Regaku) and the XRD spectra of PMMA and 
its composite films are given respectively in Fig.1 and Fig.2.  In Fig.2 it is observed that the diffused and 
broader peaks for PMMA film at 180 angle and strong intense peaks for composite film at angles of 250, 
440 and 480. This reveals that the PMMA composite films show the crystalline in nature.  
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                                                              Fig.1. The XRD spectrum of pure PMMA.       
  
 
                  Fig.2. The XRD Spectrum of the blend of PMMA with ZrO2. 
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The particle size could be easily estimate using the Debye Scherer formula given by 
  
 
0.9
cos
D                    (4) 
 
Where D is 
is the wavelength of the X-ray. 
3.2 Dielectric Properties 
 
 
Fig.3. Plot of dielectric constant versus frequency at different    thickness of PMMA.        
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.                            Fig.4. Plot of dielectric constant versus frequency of composite films of PMMA 
 
The dielectric constants of PMMA films are obtained from the measured values of capacitance as 
functions of frequency at room temperature using Equation (1), which are shown in Fig.3. The dielectric 
constant of PMMA varies nonlinearly as frequency increases up to around 1 KHz for all samples. But 
where as at frequencies higher than 1 KHz, the dielectric constant remains same and is independent of the 
frequencies. A dielectric dispersion is observed in the lower frequency region, and it remains almost 
independent of applied external field at high frequency side. Further we observed form Fig.3 that as 
thickness of the PMMA samples increases the values of dielectric constant also increases appreciably 
with in the frequency range 100Hz-1 KHz. But at higher it remains constant. The peak of the nonlinear 
curve shifts towards the lower frequency as thickness of the sample increases. We have also studied the 
dielectric properties of the composite films of PMMA with 10, 20, 30 and 40 weight percentages of ZrO2 
at thickness 0.525 mm as function of frequency and are given in Fig.4. Here we have noticed that the 
values of dielectric constant of composite films of PMMA have reduced on increasing the weight 
percentage of ZrO2. This implies that dielectric Constants of the composite films PMMA decreases as the 
weight percent of ZrO2 increases. 
 
Hence we have seen the modifications in dielectric properties of the composite films. The dielectric 
permittivity of composite films decreases exponentially up to around 1 KHz. This may be attributed to the 
tendency of dipoles in polymeric composite films to orient themselves in the direction of the applied field. 
But where as at higher frequencies beyond 1 KHz, the dielectric constant remains same and is 
independent of the frequencies. It could be explained by dipoles orientation, which is difficult to rotate at 
high frequency range. On the other hand, the high value of dielectric permittivity at lower frequency 
might be due to the electrode effect and interfacial effect of the sample [11].    
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3.3 Dielectric loss   
 
   The dielectric loss of composite films of PMMA with 10, 20, 30 and 40 weight percentages of ZrO2 
are obtained as functions of frequency using Equation (2) and are given in Fig.5. The Dielectric loss of 
these composite films decrease at low frequency range 50 Hz to 3 KHz and afterwards it remains same at 
higher frequency range. As the weight percentage of ZrO2 increases dielectric loss of composite films of 
PMMA decreases.  Hence we observed the modification in dielectric loss of the PMMA composite films.  
 
 
 
          Fig. 5. Plot of dielectric loss versus frequency of composite films of PMMA at different weight 
percent. 
 
3.4 Impedance Measurements 
 
The variation of impedances of films of PMMA as function of frequency at room temperature are 
measured and given in Fig.6. The impedance of the PMMA film shown nonlinear behaviour at lower 
frequencies up to 1 KHz and then onwards it remains almost constant over higher frequencies. Further we 
noticed in Fig.6 that at lower frequency up to 1 KHz the impedance of the films of PMMA increases as 
thickness of the sample increases and it remains constant at higher frequency range.   
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        Fig.6. The Impedance of PMMA as function of  frequency 
 
 
 
Fig.7. Variation of Impedance as function of frequency of composite 
films of PMMA at different weight percent. 
22   Basavaraja Sannakki and Anita /  Physics Procedia  49 ( 2013 )  15 – 26 
 
We have also studied for impedance of the composite films of PMMA with 10, 20, 30 and 40 weight 
percentages of ZrO2 at thickness 0.525 mm as function of frequency and are given in Fig.6. It is observed 
from Fig.7 that, the impedance of the composite film decreases exponentially at lower frequencies up to 
10 KHz and then onwards it remains constant for all composite films. Here we have noticed that the 
values of impedance of films of PMMA have been increased by increase in weight percentage of ZrO2.  
Further, using the calculated data of dielectric constant  and dielectric loss , given in 
Equations (1) and (2), we find out the dielectric modulus. The complex form of dielectric modulus [6] is 
given by 
 
*
*
1M M iM              (5) 
 
Where  and are the real and imaginary part of dielectric modulus. The formula to calculate 
dielectric modulus are given by 
 
2 2M              (6) 
 
2 2M              (7) 
 
From the imaginary part of electrical modulus, , the relaxation time of the orientation of dipole can be 
obtained. The peak of the angular frequency ( p) is  obtained from the graphs of  versus log frequency. 
 
1
p
                           (8) 
 
The variation of  and  as function of frequency for PMMA films are given in Fig.8 and Fig.9 
respectively. From the graphs , versus log frequency, the relaxation time of the orientation of dipole is 
obtained from the peak of the angular frequency p). 
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                   Fig.8. Plots of dielectric modulus ( ) as function of frequency of composite films at different  
                                                                         weight percent     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            
                   Fig.9.  frequency   Plots of dielectric modulus (  ) as function of of composite films at  
                                                               different weight  percent                                 
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3.5 A C Conductivity 
 
Fig 10. Plot of A C conductivity as function of frequency of  PMMA at different thickness.                       
 
 
 
                            Fig 11. Plots of A C conductivity as function of frequency of Composite films at  
                                                              different weight percentage.                                                        
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The a. c. conductivity of PMMA films are obtained as functions of frequency from the measured 
values of dielectric permittivity and dielectric loss using Equation (3) at room temperature, which are 
shown in Fig.10. The a. c. Conductivity of PMMA remains constant over the frequency range 50 Hz to 2 
MHz and afterwards it varies nonlinearly at higher frequencies. Further we observed form Fig.10 that as 
thickness of the films of PMMA samples increases the values of a. c. conductivity also increases at higher 
frequency range 2 MHz - 5 MHz. The a. c. conductivity of composite films of PMMA with 10, 20, 30 and 
40 weight percentages of ZrO2 are obtained as functions of frequency using Equation (3) and are given in 
Fig.11. The a. c. Conductivity of these composite films remains constant over the frequency range 50 Hz 
to 2 MHz and afterwards it varies nonlinearly at higher frequencies over the range 2 MHz- 5 MHz. 
Further we observed form Fig. 9 that as weight percentage of ZrO2 increases a. c. conductivity of 
composite films of PMMA increases.  Hence we observed the modification in a. c. conducting properties 
of the PMMA composite films.  
3.6 Morphological studies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 1μm with magnification 30 kx.                 (b) 200 nm with magnification 50 kx. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     (c) 200 nm with magnification 80 kx,               (d) 100 nm with magnification 200 kx for the various particle sizes. 
 
Fig.12. FESEM images of composite film of PMMA with 20 wt % of ZrO2. 
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The size and shape of nanoparticles of composite film of PMMA with 20 weight percent of ZrO2 was 
analyzed using FESEM and are given in Fig.12 (a)-(d). The diameters of particles were measured to 
obtain the particle size. The size of nanoparticles was found to be below 22 nm. The various sizes of some 
of the particles 13.19 nm, 13.60 nm, 15.68 nm, 15.88 nm, 16.68 nm, 19.23 nm, 21.27 nm, 20.06 nm and 
21.92 nm are given in Fig.12 (d). It also suggests that the particles formed mostly spherical in shape 
which can be seen from FESEM image [13]. 
 
4. Conclusion 
 
This work shows that the PMMA composite films show the crystalline nature and also we have seen 
that the dielectric permittivity of composite films decreases exponentially frequency up to around 1 KHz. 
This may be attributed to the tendency of dipoles in polymeric composite films to orient themselves in the 
direction of the applied field. But where as at frequencies higher than 1 KHz the dielectric constant 
remains same and is independent of the frequencies. The Dielectric loss of these composite films decrease 
at low frequency range 50 Hz to 3 KHz and afterwards it remains same at higher frequency range. Further 
we have seen in Fig 6 that at lower frequency up to 1 KHz the impedance of the films of PMMA 
increases as thickness of the sample increases and it remains constant. The a. c. Conductivity of these 
composite films remains constant over the frequency range 50 Hz to 2 MHz and afterwards it varies 
nonlinearly at higher frequencies. Further FESEM shows that embedded particle size is in nano range. 
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